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Abstract 

Two-body non-leptonic decays of B mesons into PT and VT modes are 
calculated using the non-relativistic quark model of Isgur et al.. The pre- 
dictions obtained for B — > nD%, pD% are a factor of 3 ~ 5 below present 
experimental upper limits. Interesting patterns are obtained for ratios of B 
decays involving mesons with different spin excitations and their relevance 
for additional tests of forms factor models are briefly discussed. 

PACS numbers: 12.39.Jh, 13.25.Hw, 14.40.Nd 



Weak non-leptonic decays of B mesons involving mesons of intrinsic or- 
bital momentum I > 1 in final states, are expected to be very suppressed 
[p], 0- The experimental values for B decay into orbitally excited charmed 
mesons, which are allowed at lowest order via external P^-emission diagrams, 
exhibit the following suppressions pi: 
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Predictions for these B decays are important because they would provide 
additional tests for the factorization hypothesis and form factor models used 
to describe exclusive modes in B decays. On the other hand, analogous ratios 
of B decays involving lowest lying mesons (I = 0), namely B — > XV/XP 
( V and P stand for vector and pseudoscalar mesons), such as [I]]: B + — > 
Wp + /WiT + = 2.53, B+ -> D^p + /~D^tt + = 2.98, B° -> D-p + /D--n + = 
2.60 and 5° — > D*~p + /D*~n + = 2.81, show the expected behavior due to 
the three degrees of freedom of vector particles. 

Non-leptonic decays of B and D mesons involving scalar and tensor 
mesons have been calculated previously in a series of papers by Katoch and 
Verma 0, |], |[] using the non-relativistic quark model of Ref . [0 . B decays 
into final states involving tensor mesons (J PC = 2 ++ ) are not suppressed by 
phase-space considerations as in the case of D decays. Actually, upper limits 
for B decays into PT and VT channels (T denotes the tensor meson) at 



the level of 10~ 3 — 10~ 4 , both for Cabibbo-favored and Cabibbo-suppressed 
modes, are reported in the literature [[[]. Furthermore, according to the Par- 
ticle Data Group (see p. 99 in Ref. |l|), the multiplet of tensor mesons is 
well established among the ones for the qq assignement for the case of four 
flavors. 

In this paper we compute the branching fractions for B decays into PT 
and VT final statesf] using the non-relativistic quark model of Isgur et al. 
|J. While there are not available predictions for the VT decay modes, our 
results for the PT modes differ quantitatively from those of Ref. f3|. We 
present possible reasons for this discrepancy. 

We start by introducing the effective weak hamiltonian for non-leptonic, 
Cabibbo favored, b decays: 

Ct p ( — — 

T-Ceff = -y^{VcbV* d [a 1 (cb)(du) + a 2 (db)(cu)] 

+V cb V c * s [a 1 (cb)(sc) + a 2 (sb)(cc)]} (1) 

where {qq') is a short notation for the V-A current, Gp denotes the Fermi 
constant and Vy are the relevant Cabibbo-Kobayashi-Maskawa mixing fac- 
tors. The numerical values g^ = 1.15 and a 2 = 0.26, which are obtained from 
a fit to B — > PP, VP decays [|J, will be used throughout this paper. 

Since the internal P^-emission diagrams are color suppressed, the leading 

contribution to the decays under consideration are given by the P^-external 

diagram. Following Refs. |3|, f|, ||, we write the decay amplitudes in the 

1 Note that the scalar+tensor final states are suppressed respect to VT and PT because 

the < S r |V r / 7° ak |0 > amplitude gives a further suppression factor. 



following general form: 

.Gr p 



M{B -► PT) = &(CKM factors)(QCT> factor) f P e*p B p B F B ^ T {m] 



(2) 



and 



M(B -► VT) = ^f(CKM factors) (QCD factor)m^/ y ^ T .7^ T (m^ 

v2 



where 



T B ^ T {m 2 p) = k + 6+(m| - m|) + 6_m| (4) 

^ Vv) = £ ;(p B + prM^^VOvMpv), + ^ 

+6+(pv)^(Pv)r^' 4 ]- (5) 

In the above expressions, e* denotes the polarization four- vector of V, e*^ u 
is the symmetric and traceless tensor describing the polarization of tensor 
mesons {j>t £ v = £ ^Pt = 0) an d Pi correspond to the four-momenta of the 
particles. The argument in the functions T B ~^ T means that the form factors 
h, k, b + and 6_ should be evaluated at those values (namely, mp or m v ). 
The term (QCD factor) in the amplitudes refers to either a\ or a 2 . Note 
that in the above expressions we have only one contribution to the decay 
amplitudes because the matrix element < T\j™ eak \0 > vanishes identically. 

The hadronic matrix elements used in the previous expressions are defined 
as follows: 

<T\f\B> = ihe^ p el a p a B (PB+PT)4>(PB-PT) P + ke*^(p B ) u 

+e*^(pB)a(pB)dK(PB+PTr + 6_(PB "PT)"] (6) 

< P|A"|0 > = ifp Pp (7) 

< V\V\0 > = m 2 v f v e». (8) 



The form factors k, h, b + and 6_ which describe the B — > T transition, have 
been calculated in the non-relativistic quark model of Ref . || . Note that 6_ 
gives a negligible contribution to PT modes, while it does not appear at all 
in the decay amplitude for VT modes because Py-e*^ = 0- 

The central values for the decay constants of pseudoscalar mesons rel- 
evant for our calculations are (in GeV units): f n = 0.131, f Vc = 0.384 
[p], and fo = 0.217, fo s = 0.241 (we assume the isospin symmetry re- 
lation f D o = fr>+). The value for the D s decay constant || includes two 
recent determinations from the D s — >■ \w decay @, and fr> is obtained using 
the theoretical prediction /d//d s = 0.90 based on a lattice calculation^. 
On the other hand, the dimensionless decay constants of vector mesons are: 
f p - = 0.2713 (from r — > pu T ), fj/^ = 0.087 (from J/ip — > e + e~), while for 
the decay constants of D* + and D* we have estimated their values using 
the approximate scaling relation myjy ~ constant (see for example |T0| ). 
Indeed, using myfy = 0.231 GeV ( which is obtained from a simple average 
of fp-, fa*-, fj/i, and fr(is), we obtain f D * = 0.1144 and f D * = 0.109. 

The expressions for the decay amplitudes in the exclusive modes of B 
decays are given explicitly in Table 1 for each of the VT modes allowed in 
the leading approximation; our expressions for the PT amplitudes coincide 
with those given in Table 1 of Ref. 0. 

From the previous expressions we obtain the following decay rates for the 
PT modes: 

r (fl .PT)H^^)P£) ! |J (9) 



2 Other lattice computations are consistent with this result for fo/ Id b , while QCD 
sum rules predict a smaller value (w 0.8) for this ratio (see for a summary of results). 



where 



Gf tnTSKf c„^~„„\tr\nT\ f„~.-_W tB^T/™2 



.A(£ -► PT) = -^(CKM factors) (QCT> factor) ./^.F^ (m£), (10) 

v2 

and the expression for the decay into the VT channels is given by: 
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G 

T(B^VT) = ^(CKM factors) 2 (QCD factor) 2 

487rmf, 



where a, (3 and 7 are quadratic functions of the form factors evaluated at 



q 2 = my, namely: 



a = 8>m A B b 2 + 

(3 = 2rn 2 B [6rn v rn 2 ^h 2 + 2(m B — m^ — m v )kb + + k 2 } 

7 = hm^rriyk 2 . 

In the above expressions for the decay rates, pv(P) denotes the three-momentum 
of the V(P) meson in the B rest frame (pv(P) depends, of course, on the spe- 
cific decay considered). 

In order to obtain the unpolarized rates given in Eqs. (9,11), we have 
used the following expression for the sum over polarizations of the tensor 
meson: 

A 
= -(6[ia9v/3 + deduct) — -O^uOa/3, (12) 

where 6^ = —g^ + PfxPv/fn 2 ^. Observe that P^a/3 satisfies the following 
identities: 

p n _ p a _ q 
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P c 



p pp a _ p 

r puvpa r a/3 ~ r fJ.uaj3- 



Now, let us address some comments on the expressions for the decay rates 
given in Eqs. (9,11): 

(1) The decay rate in the PT mode, Eq. (9), contains an additional factor 
(mB/mx) 2 with respect to Eq. (6) in Ref. |§. This would enhance the 
prediction for the PT modes by a factor of around 4 ~ 17, depending on the 
specific decay mode, with respect to the predictions of Ref. [[|. The origin for 
this discrepancy could be the expression used for the sum over polarizations 
of tensor mesons. Note that using Eq. (12), we reproduce the results given 
in Refs. [|ll| for the strong decay rates of tensor mesons. 

(2) The |p| 5 -dependence in Eq. (9) indicates that only the I = 2 wave is 
allowed for the PT system, while in the VT decay modes the I — 1, 2 and 3 
are simultaneously allowed, as expected. 

The numerical values for the corresponding branching ratios are given 
in Table 2, where we have used the B lifetimes values reported in Ref. M, 
and \Vbc\ = 0.041, \V CS \ = 0.975 and \V ud \ = 0.9736 [0. When we computed 
the rates involving an isoscalar tensor meson (/ 2 or fy), we have used an 
octet-singlet mixing angle Qt = 28° or equivalently the deviation from ideal 
mixing <pT = arctan(l/y / 2) — #r ~ 8.3°, as in Ref. M. 

From Table 2, we can raise the following conclusions: 

(1) The values for the PT branching fractions are larger by a factor of 2.6 
~ 15 than those given in Ref. ||. The reason for this enhancement has 
been explained above; the smallest enhancement factor corresponds to the 
B — ► D S D\ decay mode, while the largest value corresponds to B — > rjcK^. 
Note that part of the difference between our results and those in Ref. [[3] 
arises from the smaller values that we use for the D, D s decay constants. 

(2) When we consider the ratio for the decay modes VT/PT, V and P having 



identical quark content, we obtain 

T(B - VT) m 2 v ft{a\p v \ 7 + [3\p v \ 5 + 7 |pV| 3 } 



(13) 



T(B -► PT) 2[m B /p^ B - T (m| 3 )] 2 |pp| 5 ' 

This ratio turns out to be independent of ai.2, Gf and Kobayashi-Maskawa 
mixing factors and would provide a clean test of the factorization hypothesis 
and of the ISGW model 0. In the last column of Table 2 we show the ratios 
corresponding to Eq. (13). The results indicate that the ratios VT / PT ~ 3 
for processes which amplitudes are proportional to ai, which are normally 
expected due to the three degrees of freedom of vector particles. Note, how- 
ever, that for the other processes, (VT)/(PT) differs substantially from 3 
because these decays are not allowed at tree level through the emission of 
external W (they proceed via amplitudes proportional to a 2 ). 

(3) Our predictions for the decays B~ — > (n~ , p~)D^ and B° — » (n~, p~)D2 + 
are below the present experimental upper limits reported in [0 by a factor 
of 3~5. This offers optimistic prospects for their measurements and for ad- 
ditional tests of the model of Ref. |fj]. 

(4) If we use the experimental measurements of B — > J / if) K* (892) and 
B — > D S D* [0, we can calculate the following ratios from Table 2: B~ — ► 
(J/ipK%-)/(J/ipK*-(892)) « W ->• (J '/i)Kf)/(J/i)K* Q '(892)) « B~ -> 
(D-D*°)/(DjD*°) « P° -»■ (D+D* 2 -)/(D+D*-) « 0.05. Thus, the ratios 
(P — > XT)/(B — ► XV), which measure the effects of the dynamics due the 
orbital excitation V — > T, turns out to be very suppressed in the As = — 1 
channels. 

In conclusion, in this paper we have computed the Cabibbo-favored de- 
cays of B mesons into VT and PT final states, using the non-relativistic 
quark model of Isgur et al. . Our results for the ttD^ and pD\ decay chan- 
nels are a factor of 3~5 below present experimental upper limits |1|]. Our 

7 



results exhibit interesting patterns for final states mesons of higher orbital 
momentum excitations, which would offer additional tests for the factoriza- 
tion hypothesis and the form factor models for exclusive B decays. 

Acknowledgements 

The authors would like to acknowledge financial support from Conacyt 
(GLC) and Colciencias (JHM). 



References 

[1] R. M. Barnett et al., The Particle Data Group, Phys. Rev. D54, Part 
I, (1996). 

[2] N. Isgur, D. Scora, B. Grinstein and M. B. Wise, Phys. Rev. D39, 799 

(1989). 

[3] A. C. Katoch and R. C. Verma, Phys. Rev. D52, 1717 (1995). 

[4] A. C. Katoch and R. C. Verma, Phys. Rev. D49, 1645 (1994). 

[5] A. C. Katoch and R. C. Verma, Int. Journal of Mod. Phys. All, 129 
(1996). 

[6] J. D. Richman, Progress in Understanding Heavy Flavor Physics, ple- 
nary talk at ICHEP96, Warsaw (1996). 

[7] K. Kodama et al, Fermilab E653 Collaboration, Phys. Lett. B382, 
299 (1996); D. Gibaut et al, CLEO Collaboration, CLEO CONF 95-22 
(1995). 

[8] C. W. Bernard, J. N. Labrenz and A. Soni, Phys. Rev. D49, 2536 (1994). 

[9] J. D. Richman and P. R. Burchat, Rev. of Mod. Phys. 67, 893 (1995). 

[10] M. Bauer, B. Stech and M. Wirbel, Z. Phys. C34, 103 (1987). 

[11] G. Burdman, E. Golowich, J. L. Hewett and S. Pakvasa, Phys. Rev. 
D52, 6383 (1995); M. Suzuki, Phys. Rev. D47, 1043 (1993); J. J. Godina 
Nava and G. Lopez Castro, Phys. Rev. D52, 2850 (1995). 





Process 


Amplitude x(\/ cb l / u * d ) 


As = 


B- - p-D*° 
B~ -»• £>*V 

W -> D*°f 2 


aifp-ml-J 7 ^ 2 {m 2 p ) 

a 2 f D *°m 2 D *oFlJ l i r a2 (m 2 D *) 

aifp-ml-F^ 2 {m 2 p ) 

- a 2 f D *om 2 D *F*r a2 (m 2 D *)/V2 
a 2 f D *am 2 D « cos (f) T J 7 p B 1 T h (m 2 D *)/V2 
a 2 fD*om 2 D * smcpT^fj.tT 2 (m 2 D *)/\/2 




Process 


Amplitude x(V r c6 V r c *) 
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a 2 fj^m 2 j^T^ K2 im 2 ^) 
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Table 1. Decay amplitudes for the CKM- favored -B — ► VT channels with 
As = 0, — 1. The tabulated amplitudes must be multiplied by 

(G F /V2)e*^. 
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Table 2. Branching ratios for Cabibbo-favored B — ► PT, VT decays with 
As = 0, — 1. Last column shows the ratio for VT/PT branching ratios. 
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